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SECRET MSD 2011 


FOREWORD T0 VOLUME Ir 


. The Advanced Reconnaissance System (Weapon System 117L) consists | 
of a satellite vehicle which can perform visual ; electronic ; and 
infrared reconnaissance » together with the necessary system of ground 


| stations » data processing centers, and training facilities. 






Corporation, has revised its Subsystem Development 








. Volume IT). to be consonant with tt > WDD Development Plan, dated 2 os 








tt should be noted the outline of subsystems as given in Msp 1536 
has been changed to agree with the WDD Plan. Subeystens H and J of | 
MSD 1536 have been conbinea to aon & new Subsystem 7 = Ground~Space 
Commmnications. 7 aan, | | ee | Do 
| In accordance with etal instructions from WDD, the Flight Test 
Subsystem I of MSD 1536 has not been documented at this time. The 
information pertaining to flight testing is presented in the other 
subsystem volumes as eopropriate . ‘The titles of old Subsystems K and 


L (now I and J, respectively) have been changed. 
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4 SS Volume I ja ees 
— = Supplement (Top Secret ) 
_ -" Youume ty | SUBSYSTEM PLANS 
| oA Vehicle | 
| B | Propulsion | 
. D Guidance and Control 
_ : oR Visual Reconnaissance 
| | F | Electronic Reconnaissance — 
. G Infrared Reconnaissance 
| EH Ground~Space Communications 
; 7 | | r oe Data Frocessing and Intelligence Dissemination 
= FF J - Ground Support and Training 
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Tab 1 General Design Specification 


Tab 2 Subsystem Summaries (Revised Yorn 1 103) 


Milestones 


Le te at 


Hardware Delivery 
Test Schedules 
R and D Schedules 
_ Tab 3 -e & D Test Annex (aRDe Form 105) eh saha cate. 
Tab 4 R & D Test and Support Aircraft Annex (anc » Form ~ 
Tab5 R&D Material ; Annex (ARDC Form 107) 
| a Tab 6 Facilities (Revised Form 108) 
| Tab 7 Contract Finds 
Tab 8 Manpower | - 
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Subsystem B 


PROPULSION 


| ‘In this subsysten the word "swivelleg" 
! should be "hinged" throughout . 
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- 1. PROJECT TITLE | 
| FROPULSION SUBSYSTEM FOR _ F } 7 
7 (VANCED RECONNAISSANCE Systm oe J WS 117 L 
_ | (UNCLASSIFTED) | af © INDEX NUMBERS. REPORT Data 
oe SEE TT _ 11 November 1956 
| 6. BASIC FIELD OR suaJect | 7. SUBFIELD OR SUBJECT suBGROUP a 7A. TECH. OBJ. 


Strategic Air. Warfare | | _ : . 
8. COGNIZANT AGENCY | 12. CONTRACTOR AND/OR LABORATORY CONTRACT/W.0. No. 
7 Air Research and | | 
ae | Development Command | _.| Lockheed Aircraft Corp., 
: «| % DIRECTING AGENCY | Missile Systems Division 
Western Developme nt Command 
| OFFICE symaot TELEPHONE No. | 
10. REQUESTING AGENCY | 
Eq USAF 
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7 CONTINUATION SHEET SECURI Ty a ites 7 MSD=2011 
- Pt. Proseer TITLE . | | . 2. Security or |. PROJECT NUMBER . 
: PROJECT a on 
FROPULSION SUBSYSTEM FOR B® | wut 
{DEANCED FED EBACE ‘SYSTEM , {iar ce 
WEAPON SYSTEM 117 1, a: November 1956 


2la. Brief ang Operational Characteristics 


This subsystem wil} Provide the satellite with the fol] > (1) 
lateral ang roll control forces to maintain the required attitude 
and to avoid excessive roll during the coasting period; (2) thrust , 
to obtain ‘the desired orbit; (3) lateral and roll control to effect 
the transition maneuyer into orbit and Proper orientation of the 
vehicle with Tespect to its line of flight. the subsystem Consists 
-Of the following ‘Subassemblies;: | | 


| = | 1. Coast control engines 

. ae 2. Orbital booster engine a / 

| 3. Orbital boost control engines | | | oO : 

4. Propellant feed system, including a systen for ensuring reliable 
Starts and Operation in vacuum under Zero-gravity conditions 

2° Propellant flgy and utilization control ~~. 

6.. Electrical system | | 

?. Hydraulic system 


Major target of the Development Program will be availability, 
Compatibility with Schedules, reliability, minimm complexity and 
welght, and high Performance (specific impulse),° : 


Zl ac. Subsystem Tasks 7: = . 
1 a8. OTV. Control Force Generators for Coasting Period 
‘b. Contractor: Not yet determinea 


Ce Use of gas jets obtained fron either stored high-pressure 
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aah C. Subsystem Tasks (cont 'a) = : — 






2 a, Advanced Control Force Generators for Coast 
Contractor: Not yet determined, 


Cc. A refined version of the system developed in Task 1 will be 
used for the Advanced and eillance Systems. A sub- 


3 “ie . ory Orbital Thrust Engin 
rea LS 


- : | b. Contractor : Bell. Aircraft Corporation. 


| ¢- ‘The present. Bei] XLR-81-Hustler Pump-fed engine will be 
| | : : used. Using inhibited reg fuming nitric acid-Jph Propellant, 
| | : - this engine delivers a thrust of 15,150 pounds in vacuum : 
, with an over-al] Specific impulse of 263 seconds. 
a cn ‘The engine sssembly, which will have & fixed thrust mount 2 
a 7 includes the thrust Chamber, the 688 generator-turbo 
subassembly, and the propellant flow control and regulating, 


5 
— 
§ 
J 
q 
E 
3 
B 
4 
S 
B 
3 
5 
: 
f 
E 


time from 65 seconds to approximately 100 seconds, 
4a. Pioneer-ang Early Advanced Orbital Thrust ‘Engine 
2b. Contractor: Bel] Aircraft Corporation, 
ese A modified Bell. XLR-61-Hustler engine will be used for the 
Pioneer and. Early Advanced Systems. _ The modifications will 
consist of replacing the JPh fuel by unsymmetrical dimethyl 
hydrazine, increasing ‘the nozzle expansion ratio fron 14.832 
to 20:1, and improving the fuel control System. These | 
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ECURITY OF | 
PROJECT 










Changes can be accamplished within the development. schedules 
for the ARS. They wil] increase the vacuum specific impulse 
to 277 seconds y and will probably reduce the tolerance in 


5 &. late Advanced Orbital Trust Engine 7 
-b. Contractor: : Rocketdyne Division » North American Aviation, | 
, Inc., or a | | | 
Bell Aircrart Corporation, ( fluorine ~ammonia ) 
Aerojet General Corporation, (LOX-JP-1 ), 


study to determine the usefulness Of and potential neces-- 
8ity for an engine with considerably improved performance, 
For. potential high-energy propellants » this study wil} also 


_ Svaluate the boil-orr 1088 prior to orbital boost agains; | 


the gain in specific impulse. Potential engines will be 
Limited to types which are in such state of development 


6 a, OTV Orbital Boost Contro) and Vernier Engines 


b. Contractor: Bel] Aircraft Corporation, or 
| , Reaction Motors, Ine. - 
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3- PROJECT NUMBER 


- | 2. | ee : 2. SECURITY oF | 
- I {(DVARCED EO MUATSSANCE SYSTEM _ © apont Gots 
: 7 WEAPON SYSTEM 117 1, oe | | PY November 1956 


C. .Four hinged, uncooled control and Vernier engines hs 
300 pounds thrust each Will be provided, They will consist 
of an’ integral decomposition-thrust Chamber, Swivel-type 





4 aa is | engine system and therefore will not affect the development 
oa oe . and delivery Schedules of the latter, 2 | 


T a. Pioneer and Ear _ Advanced Orbital Boost Control and — 
Vernier Engines - *.. 


b. Contractor : | ‘Bell Aircraft Corporation » or 
7 | | ~ Reaction Motors, Inc, > Or 
shee . a re 2-2 ae i, este t, Sages ‘Aerojet General ‘Corporation. 


Pioneer ang Early Ady ced vehicles by using a higher energy 
Propellent,, With the propellant combination IRFNA-UDME, | 
about the Same specific impulse may be obtain 


c. The lateral and roll control system will be improved for the 


Se ne ee 





exhaust (with afterburning, if feasible) for the generation 
Of the required contro) forces. If Justified, & develop. 
ment of such a system Compatible with the orbital boost 
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WEAPON SYSTEM 117 1, 


9 8. Propellant Feed system a 
b. Contractor: Lockheed Aircraft Corporation ; 
| Py Missile Systems Division, 
C. the feed systen for the Propellants of the pump-fea | 
oribital boost engines will consist of: (1) a9 pressure 
8ystem to maintain the &ppropriate pump inlet Pressure and 
to provide sufficient propellant to the turbopump gas 


For the control engines » the pressure Gas feeding ‘8ystem | 
| | consisténor Seperate propellant tanks, pressure regulators, 
| ee Valves and Plumbing, Pressure &88 will be unheated helium 
. _e | Stored within a Separate tank or | ler w : 
required for the pressurizatio Of the main propellant 


conditions Prevailing prior to main engine Operation. 

This may involve the incorporation Of bladders in the 
Propellant tanks through which the pressurization gas is 
fed. These bladders will rupture after sufficient gravity | 
field has be established by the starting of the main 
engine, | | | | 
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'. PROJECT TITLE } | ) 7 2. steamy OF | 3+ PROJECT NUMBER 
ba | PROJEC oo 
PROPULSION SUBSYSTEM FOR | | WS 117 


(UNCLASSIFTED ) . REPORT DATE 
(asa 2idadiecin’ 


WEAPON ‘SYSTEM 17 L 
GC. . | analysis will be conducted to determine whether an 







capacitance-type Propellant leye] sensing elements actuating 
One propellant valve via a servomotor » Will be developed. 


(C. .A refined propellant utilization System will be useq for the 
ced System. With this System, the amount of residual 
- Propellant in ‘the tanks will be kept below 0.5 per cent of 
the total Propellant weight. : 


12 a. Electrical gysten 


Db. Contractor: Lockheed Aircraft Corporation, 
| : Missile Systems Division, | 


Cc. The electric subsystem consists of the master contro] and 

| distribution panel, pressurization. system relays, engine 
relays, hydraulic Power Supply, and &ssociated Wiring and 
fittings. ‘The required electrical power will. be furnished 
by the battery of the Auxiliary Poyer - Subsystem of the _ 
satellite vehicle. This System will be designed ang 
altered &ccording to the Specific requirements of Other 
propulsion subsystem Components used during the different 
phases of the ARs Development Program, | | 


13 8. Hydraulic System 
— ten 


b. Contractor: Lockheed Aircraft Corporation ? 
| Oo Missile Systems Division, __ 
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: 5. REPORT care | 
ae 1 November 1956 | - 


14k a. of Fropellant Loading and Servicing F ent 


ee lant, e. g., 1th presse, w?,® Boperly located Blaser eer 


15 





2. No existing equipment is available which possesses the perform. 


ance characteristics required of the entire subsystem, ft 
| Standardized op off-shelf items are used (valves » Plumbing, eta) 
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2. SECURITY of ['5. PROJECT NUMBER 
PROJECT | 
4 | Wuy7t 
: S. REPORT care | 
1 November 1956 | 


whereger their characteristics are demonstrated to be of 
required performance and reliability, : 













eld. Other Information (cont'a) 


3- The ‘Selected Bell XIR-81-Hustler engine is the only engine | 
Within the range of required total impulse and thrust which is 


| &dequate propellant utilization without incorporation of an 
additional ‘8Bystem. | . ; | 


3¢ This’ subsysten would be maintained by ‘the contractor, end 
ined, | 


ele, Background Data 
Not applicable. 


Of the Program at a date comatible with the ars Development Plan. 
The development Of the Advanced Propulsion systems is contingent 
upon the initiation of the development Program presented in the 

General Design Specification, | | | 


(alg References 
eee, 


Not appli cable , 
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- Bubsystem B - PROPULSION 
| Tab 1 adeaweay Design Specification 
I. GENERAL | | 
A | Statement of Problem 





“The orbital stage Propulsion system mst seneide the acceleration 


required to Brees: the payload .on orbit after Separation trom. the booster 


and. to control the orbital vehicle during the coast and acceleration 


period. The orbital boost rocket engine mast deliver an additional 


7 impulse of at least 1, ; 500 000 pound~seconds 9 and the characteristics of 
“eurrent guidance system components indicate that. the orbital boost Period 


should not exceed epproximately 100 seconds ° ‘Control ‘engines are required 
for thrust directional control during orbital boost and for elimination | 


of attitude and roll disturbances resulting from the shut-off of the 


booster earings as well as = the operation of the orbital thrust engine. - 
These control engines may nme be used as vernier ore for ioe impulse 


| | correction. 


B. Approach 
The Peepores propulsion cubsyetens will provide sufficient range 
of performance to ensure placing a reduc ed payload on orbit with the OIV 
vehicles and the operational payload on orbit with the later vehicles ° 


Z ‘The orbital condition will be achieved even with significant variation in 


the Atlas booster performance ° Wherever possible, state-of-the | art compon- 


ents and subsystems will be used and owecoren subsystems will. -~ ‘obteinea 
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' Pioneer through Early Advanced phase, and the. date Advanced Phase of _ . : ooo 





‘MSD-2011 


t 


by an evolution of ia eee used for the earlier phas es rather than by 


_ the development of new types . Alternative: components and subsystems are 
‘considered whenever the attainment of the obj ectives of the ARS Develop- 
ment Program does not appear fully assured within the Schedules. 


The major objectives of the Development Program | will be avail- 
ability, Compatibility with schedules, ’ ‘reliability, minimun complexity and’ 


weight, and high-performance (specific impulse). 


The propulsion system progresses through three aifrerent phases 


of refinement in order to fulfill the requirements of the OIV phase ; the 2 


ARS Development vain > respectively. The operational requirements for - 
these three phases are listed below in Table I. In addition, both the — 


Sy sustainer and control engines must be capable of starting in & vacuum 


with a | zero-gravity field. 7 The orbital boost control forces mst be 


‘available over a sufficient period prior to and after the orbital thrust 


engine operation to align correctly the Longitudinal axis of. the a a | 
vehicle with aeereck: to the desired trajectory and to correct missile ere 


| itude during the thrust decay and turbopump shutdown period. “The control, 


engines will sso be able, if required, to fulfill the function of vernier 
engines for accurate impulse cutoff. In addition, the propulsion system will | 


be capable of withstanding the environment existing during the boost period 


(accelerations up to 15 g' Sy vibrations, » and aerothermodynamic heating of 


propellants and ee and during the coast period between booster 
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Orbital Boost Engine | . 
“se: Uy o _ Phoneer Through ' —s_Late 
| _ Phase _ OTV Early - Advanced Advanced 
‘Thrust, 1b + 15,000 15,000 above 20,000 


“‘fotal Impulse, Ib-see . = 1.5 x 106 1.5x10° . above 2x 106 


Duration, sec 4100 100 


| Specific Impulse, sec. above 260 275-285: 300 (preferably _ 


substantially — 
higher | 
Orbital Boost Control — 
————$—— 

Engine 


Number of Engines —-- - a a . ; 4 | - 2 or. 4 
Arrangement  pwivelled  swivellea gimballed or 
Thrust (per engine), lb 300 300 — : 


Total Impulse, lb-sec 120,000 120,000 
Duration, sec - 7 100 + 4 100 + & 
Specific Impulse, sec © above 150 above 250 


Meximm Deflection, degree fh5 ths 


a“ 


Average Deflection Rate, cps. 2 
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stage burnout and the start of orbital stage propulsion (gravity-tree 


condition ). Operation will be ensured within a temperature range of 


- Combining the ‘various cubsystens and papesnembl ies: of the Propul- 


sion system with the development phases, the following Tasks are obtained 


1. OTV and Pioneer control ‘force generators for coasting period. 
2. Advanced control force generators for coasting period. 
3. OV orbital ‘thrust engine. | | 
h, Pioneer and Early Advanced thrust engine. ; 
oie | Late Advanced orbital thrust engine. 
- 6. ory orbital boost control and vernier engines. oe 
T Pioneer and Early Advanced orbital boost control and vernier engines. 
8. Late Advanced orbital boost control and vernier engines. 
9. Propellant feed system. 
10. Pioneer propellant flow and utilization control. 
i. Advanced Rope ene flow and utilization control. 
12. Electrical. system. 
~=213.~. Hydraulic system. 
14, Orv ‘Propellant loading and servicing scene 
15. Pioneer and Advanced propellant loading and seevieine.s equipment, 
In the OTV vehicle program, emphasis has been placed on & propulsion system | 
with the ‘greatest promise of operational status within the established time 


| period. State-of-the-art Components will be used if uney naNe adequate 


| performance to lace &@ reduced payload on orbit. 
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For the Pioneer and Early Asvanced Vehicle Bystems; > propulsion 
systems and components which require Ps moderate development to meet the — 
Schedules 1 are contemplated. The propulsion systems proposed for the late 
‘Aavaneea vehicles may require & major develomment effort to obtain the 
considerably improved performance which will permit a substantial growth 

in vehicle gross weight and useful payload. Potential engines will, 
7 however » still be limitea to types which are in such state of development 
that reliable operation and availability within ARS schedules can be. pre-_ 





dicted. For this phase, an _ alternative propulsion system may be considered. 
Cc. Solution | 
Since availability is the paramount consideration for the OTV | 
: vehicles, 5 the xaR-81 engine has been chosen for this application. This ie 
the only available turbepump feed hale within the range of required — 
and total impulse which can be altered and procured on a non-interference 
a basis with the ws 107 program. Also, its control system appears capable of 
| | | | reducing the amount of residual propellants to a small value without incor- 
poration of an additional propellant utilization systen. It is being devel - 
| | oped by the Bell Aircraft Corporation for the Convair Hustler program and 
is now undergoing flight rating tests. The only required alteration is to | 
provide a gear lubrication system in order to increase ‘the duration from . 


65 seconds to approximately 100 seconds and to reinforce some structural 


components in order to withstand the increased acceleration loads. 
| | : | For the Pioneer and Barly Advanced vehicle programs, a modifica- 
| tion of the Hustler engine is being considered. ‘In this way, its perform- 
|  s ance will be increased to euch an extent ‘That the requirements of the ARS 
ha Program ewe these phasés can be met. 
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For the Late Advanced phas: es of the ARS development program » it 
is } Planned to conduct a study to determine the necessity for and useful- 


ness of improved performance such as that obtainable from a fluorine- 


| type oxidizer engine. If an st iireative result is obtained trom this 


study 7 & propulsion system based on a fluorine-type oxidizer will be 
developed with the goal of a apect Pic impulse higher than | 340 seconds. 


It is predicted that such propulsion System can be meade available within 


8&8 four-year development program. As an alternative solution, the devel- 


opment of a suitable propulsion sates’ using the conventional propellant 


combination of LOX-JP4 fuel is. Proposed ; this can be achieved within a 


shorter r period. 


‘The major characteristics and the performance obtainable with 


the selected and proposed systems ; ineluding control engines, are pre- 


sented in Tab le II. 
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II.. DESCRIPLION 
A. Tasks 
“1. OfV_and Pioneer Control Force Generators for Coasting 


| ‘Period 





Use of gas jets Sbteinea from either gicred high-pressure . 
gas or from a chemical reaction is being considered to provide the re- 
quired jeter and roll control forces ‘ The details will be determined 
from the final specifications which, in turn, depend upon the selection 

of the operational mode and guidance and control subsystems for this . 
| plight stgment. Pe RUMI TA RR aA cig teth le Ding selScemee Bucs ghbicsegnceie, . dei 
2. Advanced Control Force Generators for Coasting Period snl 

| A refined version of the systen developed in Task 1 will 
| . * Peniwen for the Advanced and Surveillance systems. A substantial saving 


in weight will result from the appropriate combination with the orbital 


ry en arg 


booster control system (Tasks 6 and 7) and from the use of higher energy 
gas senerante. | | 

| 3. OfV Orbital Thrust Engine 

| 7 | The XIR-81 engine ee developed by Bell Aircraft 

: Corporation for the Hustler project will be used. It. consists of @ sin- 

| ae thrust chamber » gas generator including starting solid propellant. | 

| | | | charge, turbine-driven pumps, propeiia uk control valves ' and auxiliary 

i equipment to start, operate, and shut down. These components are as- 

_  sembled within the engine thrust mount which is a welded, tubular 
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structure constructed of 8630 steel. ‘This mount lends itself well to 
the addition of other merastnes or brackets for other equipment or com- 


ponents, ane it can easily accommodate the swivel mounts for the four 


control engines. 


The propellants are inhibited red Tuming nitric acid 
(IRMA) and Jp-k. The aluminum thrust chanber is of drilled-wall con- 


struction, completely machined, and regeneratively oxidizer-cooled. It 


is rated at 15,150 pounds thrust in vacuum for a duration of 65 seconds 


at 500 pete chamber pressure. With a nozzle ne Pa ratio of “14.8521 
and an engine propellant mixture ratio of 4.25, a specific impulse of 


| 263 seconds will be obtained in vacuum. The combustion in the engine 


is started = & preflow of uisymetrical-dinethyl-hydrazine in the Pro- 
pellant line; this will probably obviate the necessity for using a nozzle 
closure diaphragm for . starts. At shutdown the impulse-decay tolerance 


: will not exceed + 300 pound-seconds. The aixtire ratio in the turbine 


Gas generator is 0-76: 1. The engine will be furnished orificed to a 
mixture ratio which is + 2. 5 percent of the nominal value; the actual 
value will be determined for each oem within +1 ‘percent. 

_ The control system of the engine maintains the mixture 
ratio during operation close to the design value. Use of pumps of 
special design (combination of spoke-type impellers with a diffuser- 


| type exit orifice) results in a characteristic similar to that of a — 


positive displacement pump in which the flow rate is independent of the 


| presaies head. This alleviates the control problem considerably and 


makes this design especially suited for use without 8 separate propellant 
ice eb 1, p 10 
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utilization system. The engine propellant control valves" are ae 
cally operated by propellant pres sure. ‘The weights of various “omer 
nents of the rocket engine assembly are as follows: 


Thrust Chamber Assembly (includes Combustion Chamber, 
Main Propellant Valves, Tubing & Fittings) © =» 100 Ib 


‘Turbine Pump Assembly, Starter and Igniter » Gas 
Generator, Engine Mount, Propellant Valves 100 lb 


‘Engine Accensaeies (includes Exhaust Duct, | | 
Control System Tubing and Fittings) 25 Ib 


| Total 225 Ib 
For the ARS application, the XIR-81 engine mist be altered . 


80 ‘that it can operate for 100 aancnaae. Tests have shown that, with the 


existing gear train , permanent. damage occurs between 85 and 120 seconds. 


With the addition of oil Splash or a gear-dip type of lubrication » however, 
tests have been run — 3 to 8 minutes with no =. ‘Thus, it is pro- 
posed that this lubrication system be provided as an ite tics kit to 
the existing unit. The oiler will consist of a small cylinder and a | 
assembly filled with oil. Fuel pressure from the pump discharge will be | 
apEsee to the piston which forces ofl to the gears. ‘The i aaa of 
this unit constitutes no problem and will not delay delivery of a complete 
engine. | 

| With regard to the thrust chamber assembly, no difficulty 
is anticipated in. extending its life to 100 seconds. | Various tests have 
demonstrated the ee of the existing chamber and accumlated dura- | 


tions of over one hour have been reached on a single thrust chamber. 
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‘Therefore » it is believed that a complete eos engine 
assenbly can be delivered within ten ‘months from date of order. 
h, Pioneer and Early Advanced Orbital Thrust Engine 
For the Pioneer and Barly Advanced vehicles 7a modified 
- ‘Bell XIR-81 engine will be used. The modifications consist of increas- 
ing the nozzle area ratio from 14. 85:1 to 20:1, the substitution of tun- 
symmetrical-dimethyl-hydrazine (UDME) for JP- fuel, and the incorporation 
! of a speed governor to the control eysten. These changes. will increase 
_ the vacuum thrust from 15, 150 pounds to 15 »400 pounds, increase the spe- 
“etfic impulse from 263 to 277 seconds, and improve mixture ratio control. 
_ The latter improvement will probably — the amount of residual pro- 


" pellants in the tanks to “such a low value that no additional system for Pa aictie 


as | propellant utilization control will be required in the Pioneer and Karly 
Advanced Vehicles ‘ 


A number of changes are required in the engine before it 


P deter er 


| | can eperete satisfactorily with UDME fuel for a duration of 100 seconds. 
‘The injector mst accommodate the new mixture ratio of 2.57. However, 
| | this is. considered @ minor modification since injectors have been fabri~ 


cated and fired successfully using this ‘Propellant combination in the 


eee 


; xXIR-81, thrust chamber. ‘Preliminary tests indicate that sufficient cool- 
ing is available for the combustion chamber regardless of the reduced 


‘mixture ratio, but this will be verified by extensive testing under the 


areca cea 


new condition. A new gas generator with a mixture ratio of 0.14 is: 


necessary ; however » based on the performance of preliminary tests, 


7 


changes for a production unit will be minor. The ‘pump outlet ports mst 
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aia, be rebored. to pneewaaee the mixture ratio change ; 3 this may require | 
@ new fuel pump casting. Other changes are heceraary to the turbine pump 
assembly to ensure adequate strength of the fuel pump gear to handle the 
increased load. | The addition of the speed governor to the control system 
requires only a minor aie in the gear box assembly and will not affect 3 
the over-all development time. Based on information available at this 
| time it appears that the pump impellers ; oxidizer pump casing and other 
. components are satisfactory without change. Tt is estimated that these , 
changes will require a development time of 18 months 3; this includes the 
_—_ Preliminary Flight Rating Tests. | | 
- 5. late: Advanced Orbital Boost Engine 
For the Advanced vehicles it is proposed to conduct a — 
study to determine the usefulness of ant Porenesat necessity for the use 
| | of an engine with considerably improved performance. This study will also 
| | ) evaluate the boil-off loss versus the gain in specific janine for promis=-. 
a ing high-energy propellants. Potential snstnae will be limited to types 
| =: which are in such state of development that reliable operation and avail- | 
| ebetey can be predicted within re compatible with the ARS Develop= 
7 ment: Plan. | Providing the above study indicates sufficient improvement , it 
is proposed to initiate and Beaact the development of such an improved | 
propulsion system. Because of the four-year development time required for 


' an engine of this type, an early start on any required development is 


mandatory. 
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Both ia and alternative programs are proposed. ‘The 
primary program is based on a fluorine-ammonia type of propellant Bystem: 
It will be. coneeved by the Rocketdyne Division of North American Aviation 
or by Bell Aireratt Corporation. The feasibility and basic design criteria 
for such engines have been established by over three years of ‘experimental 
investigation of fluorine-cxtdized rocket Propellant SyBLenS A thrust 
level of 20 ,000 to 30,000 pounds has been tentatively selected with the 
goal of attaining an engine specific impulse of she seconds in the final 
i aa stage. 
The following description is based on a proposal made by 
e . | | the Rocketdyne Division of North American Aviation ; Inc. , and is believed 
_ = ‘to be typical for such. a. i Aeveloment. The engine is envisaged | as being 
: _ - basically similar to existing large Rocketdyne engines. It will consist 
of a fixed-mount ? single-unit engine with integral missile-atti tude and 
7 roll control provided by the turbine exhaust - The propellants are fed to 
| the thrust chanber by a direct-drive turbo-pump. The turbine is powered 
by the decomposition products of hydrogen peroxide delivered to the a | | 
| | * ! generator by a Separate pump driven by the missile auxiliary power unit. 
The selection of the system was based on the requirement 
| | of sinplictty in design and operation ; reliability, ; and minimum develop- 
| ment through max tmm use of available experience and design information. 
: “The choice of a thrust level of 20,000 pounds was Gade (eomawial aii: 
| 3 | trarily for Mae present discussion; the design considerations are } appli- 
ore to & wide range of thrust levels and Sretp eine conditions. In 7 
, | | general » however » the development, of larger units would involve fewer 
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difficulties than the deve lopment of sma ler units. This results pri- 
marily from heat transfer considerations . For high-energy propellants > 
heat transfer rates are high and chamber cooling is particularly diffi- 
cult because both the combustion temperature and the propellant mixture 


ratio are high. Estimates made by Rocketdyne indicate that the initial 


The alternative program is based on the liquid oxygen- 
JP- fuel propellant combination with Aerojet-General Corporation as a 


potential subcontractor. Based on information obtained from the Aerojet- 


‘General Corporation, an engine of the folloving type 4 enviesgea He 


will consist of a single rocket thrust chamber assenbly (including mount ) , 
& g88 generator driven tuxbo~pump assembly, propellant control anes > | 
and the necessary plumbing and auxiliary controls to start, Operate, and 
shut down. The rocket engine will use a regeneratively fuel cooled thrust 
chamber ated at 20 ,000 pounds thrust in a vacua. The thrust chamber 


will be capable of Operating for a minimm of 120 seconds. The propel- 


- lants will be Lox ana JP-+ injected at a nominal mixture ratio of 2.33:1 


by weight of oxidizer to fuel. the speci?ic impulse for complete engine 
performance will be between 300 and 305 seconds in a vacuum. The ability 
of the engine to start » Operate, ana shut down will be unlimited relative 
to altitude. A propellant control system will be supplied and the toler- 
ance in the total impulse under the thrust decay curve will be Limited 
not to exceed 200 pound-seconds. The engine will start in any attitude 
B- Tab 1, p15 
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are maintained full of propellant under a Positive pressure head. The | 
rocket engine will attain 90 percent of rated thrust within 0.8. second 
after signaling the thrust chanber valve to open. The transient start- ; 
ing pressure will not be ‘greater than 125 percent of maximm rated | 


chamber pressure. Thrust chanber pressure oscillations will not exceed 





+ 5 percent of norma] operating chamber pressure during the period of 
effective steady-state operation. This program will require approxi - 
mately three years for completion. _ * : 

6. ory Orbital Boost Control and Vernier Engines 
Yor the earlier meee of the development » the Proposed — 
lateral | feisse', P roll sontrel ; and vernier engines were selected on the _ 
basis of minimm operational interference with the orbital boost pro- 
pulsion system. Since no available system meets the requirements of | 
: > the ARS vehicles, every phase will require . development. Consequently ; 
| | | for the OTV System phase, the simplest possible solution using only 
| | ‘state-of-the-art components was selected. It consists of a self-sustained, 
| oe gas~fed system using 90 percent hydrogen peroxide monopropel lant. Four 
integral decomposition-thrust chambers are used; they are | designed to 
. deliver 300 pounds of thrust each at a chamber pressure of 100 to 150 
| psia and with & nozzle expansion ratio of between 10: 1 and 20:1. A 
er specific impulse of at least 160 seconds is obtained. The en- 
{ - | Gines are assembled in individual swivel mounts permitting a deflection 


(Of at least + — degrees. Other components are the propellant control 


Lg | B - Tab 1, p 16 
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Valves and the hydraulic actuators. These eaaiies are scheduled to be 
‘available 10 months after placement ‘of the orders. ea 
_%  Ploneer and Early Advanced Orbital Boost Control and 
The development of an improved control. system will be 
| initiated similtaneously with Task 6. Ma jor goal of the improvement will 
be the reduction in over-all system weight attained ‘by the application of | 
ee | | a higher energy bi-propellant system. Since cooling of these small aise . 
| combustion chambers becomes a problem with higher energy propellant com 
binations ; different. approaches Will be taken. A ges-fed propellant sy8~- 
' tem with separate tanks will, however, be considered in each case. | 
; a ‘propellant combination » are: | 
i. — | 1. Use of uncooled, ceramic inserted thrust chambers 
| | | ae i specific impulse of approximately 250 | 


a 7 2. Use of regeneratively cooled chambers giving a 
‘ | . - | | specific impulse of approximately 250 seconds. 


3+ Use of cooled Chambers with the coolant provided 

by a by-pass flow of min propellant. This will 
give a specific impulse of approximately 280 
seconds... : 


g 
F 
3 
y 
§ 
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8. late Advanced Orbital Boost Control and Vernier Engines 

A study will be conducted to determine the improvement | 
with respect to weight and simplicity which San be. obtained by ths use 
of turbine exhaust (with after-burning it feasible) for the generation : 


of the required control forces. If Justified » & development Will be — 


initiated of such a systen compatible with the orbital boost engine 
selected for this phase. | | | ; | 


9. Prope sllant Feed System 


‘The feed system for the Propellants of the pump-fed orbital 


‘boost engines will consist of: (1) a pressure System to maintain the ap- 
_ Propriate pump inlet pressures and to provide sufficient propellant to 


the turbo-pump.gas generator for start ing; (2) means of ensuring proper a 


propellant level orientation in the tanks under the zero-gravity con- 


dition prior to engine start; and (3) the required lines for connecting 
the tanks with the engine. This system will be desianed and altered ac- 
cording to the specific requirements of the engine syetee used during the 
different phases of the ARS Development Program. For the late Advanced | 
phase it might inelude & complete gas pressure or pump feeding sybsysten 
for separate propellants used in the turbo-pump gas generator &@s well as 


in the turbine exhaust afterburner. | 


The propellant feed system used in the oOfy Pioneer, and 
Early Advanced vehicles in connection with the altered or modified Bell 
XIR-8] engines consists of a dual-stage pressure regulating ‘assembly, 
Telief valves and associated lines » hardware and fittings. The systen 
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) 
is designed to maintain under right conditions the required | Pump inlet 
Pressures of 40 and 35 psia for the oxidizer and 27 and 35 psia for the 
modified engines, respectively. | Proper. orientation of = ates space . 
in the tanks and provision of propellants for starting under a zero- 
gravity condition is obtained by incorporating in each tank an expandable | 
and contractable container ; uch &8 a bladder » a nylitieneetetan conbina~ 
tion, or a bellows. Proper function of this device ig contingent Upon 


aaeouate design of the tanks and propellant loading system. in order %o- 
prevent: air from being trapped during the filling operation. | 





The propellant feed system for the Late Advanced vehicles 
ar Will be altered oe to the specific requirements of the propellants 
— Gee An additional posttive-displacenent-type 3 propellant feed systen 
ho - will be provided for engine starting under ‘zero-gravity condition. Since 
liquia oxygen, fluorine » and ammonia are all liquified gases, boiloft 
mist be considered. Tank insulation might be used or the tanks will be 
| designed to withstand the pressure buildup during flight. | 
| The pressure gas feeding systen used for the control. en- 
| : ; ‘gine propellant system will consist of separate propellant tanks ; pressure | 
. | | regulators, adi and plumbing. Pressure gas will be unheated helium. 
| stored within a separate tank or together with the helium required for 
| - _ the pressurization of the mein Propellant tanks. Initial operation of 
the control engines prior to main engine operating ina gravity-free field 
| . wlll be made Possible by assuring positive displacement » @.g., by incor. 
| ‘porating bladders in the propellant tanks through which the pressurization 
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gas is fed. These bladders may rupture after the starting of the main 
engine has established a sufficient gravity fiela. 


10. Pioneer System Propellant Plow and Utilization Control 





An analysis will be conducted in order to determine 
whether an improved governor-type Propellant flow control system , in- 
corporated in the modified XIR-81-Hustler engine (Task No. AY) ‘ 


pellant weight, ‘If this goal cannot be reached with the present control 


System, then a. crude prope lant utilization Bystem will be dave loped; it 


will Saniands of cupacitance~type propellant level sensing elements actu- 


ating one > propellant valve by means oP 1 a | servomotor. — 
i. _ Savenced Systems Propellant Flow and Utilization Contro2 
This system corrects the fuel-to-oxidizer ratio and thus 
ensures similtaneous exhaustion of both propellant tanks with a high ac. 
curacy. The residual propellant is less than one half per cent of the 


tank levels during propellant expulsion and will generate Signals proper- 
tional to the deviation from the proper ratio of levels corresponding to 


tank saad and to the design ratio of fuel to oxidizer. This signal 


12. Electrical System 
Sectrical System 


The electrical subsystem consists of the master. control 


and tistribution panel, pressurization ‘system relays, ais relays, 


ae 
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| hydraulic system power supply , and associated Wiring and fittings. The 


required electrical power will be furnished ay, the alas of the euxili- | 


| ary power system of the orbital vehicle. 


13. Hydraulic systen 
a 
The hydraulic a jated consists of a positive displacement 


as ; reservoir, accumlator. Sp Pressure regulator » valves , servovalves and 
associated hardware. The pump will be driven either by an electric motor” 


or by a separate auxiliary Power unit. The electric power is obtained 


from the auxiliary power system, Subsysten C. Ie the capacity of this 


system is not sufficient » @n additional battery will be provided. 
this system will be content and altered according to the 


specific Hegiieannate of the ‘other components of the: propulsion subsystem 


used during the different phases of the ARS Development Program, - 
U4. ory Propellant Loading and Servicing Equipment 
A conventional closed-circuit tank filling system ; 
ploying commercially available components, will be used. Yent dines are 


arranged in such a way that ‘no-ullage filling of tanks can be obtained. 
| Ullage space will be provided after Pilling by expelling an appropriate 
amount of propellant. This will be accomplished by blowing up a bladder 


Properly located inside of the tank with pressurizing gas. 

15. Pioneer, and Advanced Propellant Loading and Beriintne 

| For the latter phase of the ARS Development. ‘Program, the | 
loading and servicing system will be Improved by incorporating refined 
components which permit accelerated loading apm and provide means 
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| for adjusting the amount of loaded propellants to compensate for Sinmis 
in temperature and propellant density. This system ; in combination with 
the propellant utilization control system (Tasks Nos. 10 and 11) will 
_ permit a cons iderable reduction in the amount. of unutilized propellant. 
|B. Development Status Availability 
The Bell XIR-81 engine developed for the Geavels Hustler pro- 
gram under Air Force Contract No. AF 33(0381-21250) is now undergoing 
preliminary flight rating tests. ‘The engine Proposed for the ARS — 
Orbital Test Vehicles is the same engine except for & small al- 
teration required to increase the operation time from 65 to 100 seconds, 
oo For. thia engine, Bell Aas Proposed a delivery eae: of = months after | 


SN wee oy Ae tet ce 


Otte 


contract date. . | aoe | 

7 The engine proposed for the Floneer and asics Advanced vehicles 

4s a modified Hustler engine (changes in fuel, nozzle expansion ratio and 
control ayeten)s These modifications. can be considered minor ones, and 

- Bell has proposed a delivery date of 18 months after contract date. 


For the Later Advanced vehicles, » the Proposed engines must be 


developed, » but there is sufficient background for them to ensure comple-~ 


tion within the required time. 
- Under the sponsorship of the Air Force contract AF 33(616)-2134 . | 
i the Rocketdyne Division of North American Aviation, Inc., has been en- 
gaged ponte aay since July ig 52 in an experimental evaluation of rocket- 
engine oxidizers containing fluorine. This program is being conducted to 


advance the state of the art and to demonstrate the engineering feasibility 


of ‘Such highly reactive OSEAN" sili ai a 
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Rocket experimentation has been conducted with excellent re- 
sults at up ‘to 5,000 pounds thrust with fluorine and ammonia and. with’ 
fluorine-oxygen mixtures and Jet fuels. Bipropellant gas generation 
with a fluorine oxidizer has been explored, ’ and various physical prop- 
erties of the oxidizers — been measured. | 

| | | a | ; Under a supplemental agreement to ti aoe contract » experi- 
| mental studies of the problems involved in operating a . high-speed . 
_ Mght-welgnt centrifugal pump for: use with liquid fluorine or ee 
| oxygen solution have been intensified. In addition » corrosion studies 
of construction materials have. been conducted and physical ¢ data, of 
eS cee ota __fluorine-oxygen mixtures were Getermined.— ; 


RT AN es ee Ur oe cae, 


Ar om Sean TE TH Ae ee ey eee ee, 


pecently; North American reer ; Inc. , .) and Bell A Aircraft. 

‘ Corporation have received Air Force contracts to investigate the pos- 
sibilities of using fluorine propellant for the second and third stages 
of missiles i including experimental work on small vernier units, 3 pumps, . 
ra... and alternative Pressure systems. — | | | 

| This background is deemed adequate by: Rocketdyne personnel — 
| | to permit ‘the prediction of performance of fluorine engines and to 
| a | begin prototype design and development in the areas of injector design, . 


| performance. » Operat ional techniques and fluorine supply and storage. 


| | ; In all other areas, preiiminary design and development can be initiated 

| | except in the perticular fields of thrust cylinder, gas generator, , pump 
| | | and shaft seals ; turbine and hot gas seals » and valves. In -these latter 
| : | instances » 8OMe research is still required. 
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For the sicaraees development, of the LOX JP fuel engine ene 


background is available with different potential contractors to ensure com- 


pletion of a | development program within ‘three years. 
| C. Development and Test Program | 7 | | 

. The primary development effort for the OTV, Pioneer » and Barly 
Advanced engines will be system integration rather than component develop- 
ment since nearly all components are already developed or in advanced Stage 


| of development. Extensive testing will be conducted to determine the inter. 


actions of the various subsystems constituting ae propulsion system 
as well as the entire vehicle systen — Tabs 2 and 3). 


quire approximately four. years to complete and represents Giz the major ¢ devel- i 
opment Program for the propulsion system (See Tab 2). This program will 
be conducted either by the Rocketdyne Division of North American Aviation, 
Inc., or by Bell Aircratt Corporation. If by’ July 1957 investigation 
proves this program is not feasible, then a LOX-Jp-) ‘Program may be initi- 
ated which will result in an engine after three years of development. 

The development of a propulsion feed system for the fluorine- 


_ &tmonia propellant ‘system will require approximately two and one-half 
years of research and deve lopment. ‘This ‘program will mainly consist of 
research in the ‘fields of materials , especially for seals and gaskets. In 
addition, investigations Will be made to establish the — requirements 
for propellant Systems using fluorine oxidizer, 


The control engines require development since no engines of 


suitable size and performance are available. However » the performance 
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: | 7 | | of this subsystem 1 is not critical with respect to the overall perfor- 
mance of the ARS vehicles. Consequently, state-of-the-art designs can 
be used for the first phases and thus leave sufficient time for the 

| development of more refined engines and subsystems and subsystem com- 
ponents for the later high-performance vehicles. | | 

| | : The unusually high costs of flight testing inherent to the ARS” 

| | program require that special emphasis must be Placed on a vigorous 


2 nine ie ply 


ground test program. ‘This is reflected in: an unusually large number 
of components and subsystem units required for ground testing. 
D. Flight Test Frogram 





| . To develop the propulsion sybsystem ; ‘the Missile Beene 

Division of Lockheed Aircraft Corporation will establish a Systems 
| Test Facility which = described _ in Subsystem dy Ground Support 
| and Training. | | | 
. The late Advanced Engine ee Will require new facilities 
| 7 | for the potential contractor. This program will also ‘require’ that the 
| | Missile Systems Division erect a facility in some area remote from 
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inhabited areas for propulsion eystens development testing. | 
| The (LWOX-JP-h back-up program for the Late. Advanced Systems 
will require no new facilities for the potential. contractor. A Lox 
handling facility will, however, have to be added to the contractor 's 
System Test Factiity. | 
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